Background and Purpose Dementia has been reported to be associated with an increased risk of hip fracture, but few case-control studies have been performed to actually confirm this. This study investigated the association between dementia and hip fracture by comparing the risk of hip fracture between subjects with and without dementia.
INTRODUCTION
Dementia and fractures are two common problems that are frequently encountered in elderly people. 1 Both are associated with increased mortality and morbidity as well as medical costs for the patients and caregivers. The number of individuals with dementia is estimated to double every 20 years and will reach approximately 40 million worldwide by 2020 due to the aging of the world population. 2 Most hip fractures occur over the age of 65 years, and their total number is expected to increase to 6.3 million by 2050. 3, 4 Dementia is reportedly associated with increased falls that often lead to fractures. 1, 5 Since patients with dementia have a worse prognosis after a hip fracture 6 with a higher mortality rate, 7 it is important to understand the association between dementia and hip fractures in order to develop effective hip fracture preventive strategies.
Patients with dementia have a high risk of falling, and recent studies have revealed an association between cognitive decline and the risk of hip fracture. [8] [9] [10] [11] The relationship between dementia and hip fracture has been partly explained by their shared risk factors such as old age, 12, 13 female sex, 14, 15 and decreased activity. 1 Furthermore, other mediating factors However, most previous studies have been performed with restricted cohorts, and large representative data sets involving long-term follow-up are rare. 8, 9 The purpose of the current study was to elucidate whether dementia is an independent risk factor for hip fracture and whether the fracture risk would differ over a long-term observational period using nationwide data in Korea.
METHODS

Data acquisition
The data set was provided by the Korean National Health Insurance Service (NHIS), which was founded in 2000 as a single-insurer system. The NHIS has integrated more than 366 of the medical insurance organizations in the Republic of Korea, and stored and converted medical records of individuals into a national database called the National Health Information Database. That database contains personal information, demographics, and medical treatment data for Korean citizens who were categorized as insured employees, insured selfemployed individuals, or medical aid beneficiaries.
The NHIS-Senior Cohort (NHIS-SC) is a research database for the elderly constructed in a cohort format for use when investigating the risk factors and prognoses of geriatric diseases. The NHIS-SC was constructed using a simple randomization method to extract data on 557,195 persons, representing 10% of the 5.5 million population aged 60 years or older, who had maintained their health-insurance and medical-care statuses at the end of December 2002.
The members of the NHIS-SC comprise a 14-year cohort (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) and are tracked in terms of socioeconomic variables (residence area, year and month of death, cause of death, and income level) and medical treatments (health examinations, medical-care history, and medical-care institutions). These data enable long-term observations and can be used to investigate causal relationships.
Diseases are registered in the NHIS-SC using the Korean Classification of Disease, sixth edition, which is modified from the International Classification of Disease, 10th revision (ICD-10) for use by the NHIS and medical-care institutions in South Korea.
This study was approved by the Institutional Review Board of Kangwon National University Hospital (approval no. KNUH-2018-05-004-001).
Study population
This study involved a population-based matched cohort constructed using the NHIS-SC. Dementia was defined based on the ICD-10 classification codes (F00, F01, F02, F03, and G30) used with an antidementia drug (donepezil, galantamine, rivastigmine, or memantine) for the first or second diagnosis for medical expense claims up to December 31, 2007 through an outpatient clinic more than three times, or for more than one hospital admission. The index date for these subjects was defined as the date when dementia was first diagnosed after 2003. Hip fracture was defined as code S72.0 or S72.1 for the first or second diagnosis. We excluded subscribers with dementia registered in 2002 (n=942) in order to identify newly diagnosed subjects with dementia, and subscribers with hip fractures before the diagnosis of dementia (n=2,982) were also excluded in order to consider temporal relationships. Moreover, individuals who had stroke-related diagnoses (I60, I61, I62, I63, or I64; n=24,472) were also excluded before the index date to eliminate predisposing factors of vascular dementia.
We also used the body mass index (BMI) to analyze associations of the amount of tissue mass and dementia with hip fracture, because BMI influences the occurrence of hip fracture in the general population. 19 When multiple BMI measurements were available for a single subscriber, the closest one to the time of registration was used. Those for whom BMI information was not available were excluded from the analysis (n=165,064).
This study finally included 2,664 patients with dementia. For each subject in the case group, five subjects without dementia were randomly selected and matched for age, sex, and index date as controls (Fig. 1) . 20, 21 Subjects in both groups were followed from the index date up to the occurrence of hip fracture, death, or December 31, 2015, whichever occurred first.
In addition to diagnoses, we extracted other variables including age, sex, BMI, residence area, and Charlson Comorbidity Index (CCI). Participants were subdivided based on the BMI into underweight (<18.5 kg/m ) based on the generally accepted BMI criteria for Asians. 22 In addition, based on the CCI, the severity of comorbidities was classified into four grades (0 for none, 1 or 2 for mild, 3 or 4 for moderate, and 5 for severe). The residence areas were classified into two types according to population size: metropolitan and nonmetropolitan.
Statistical analysis
The prevalence rate of dementia per 100,000 individuals in 2003 and the incidence rates of dementia per 100,000 per-JCN son-years during 2003 and 2015 were calculated. We used Pearson's chi-square test to compare differences in the rates of hip fractures between groups according to age, sex, BMI, residence area, and CCI. The Cox proportional-hazards model was used to calculate the adjusted hazard ratio (HR) and 95% CI to determine whether dementia was an independent risk factor for hip fracture after adjusting for sex, age, BMI, residence area, and CCI. Survival time was defined as the duration from the index date up to a diagnosis of hip fracture or up to the censoring due to death or the end of the study on December 31, 2015, whichever occurred first. Those who were dead or were never diagnosed with a hip fracture by the end of the study were treated as censored. Kaplan-Meier survival curves were estimated, and the log-rank test was used to compare differences in the curves between two groups. The duration of dementia from the index date was arbitrarily divided into <2, 2-10, and >10 years in order to compare differences in the relative risk of hip fracture between subjects with dementia and the controls. The statistical analyses were performed using the SAS for Windows statistical package (version 7.1, SAS Institute, Cary, NC, USA).
RESULTS
The BMI and the proportion of the population living in metropolitan areas were both lower in the dementia group than in the control group (Table 1) . During the 12-year follow-up period, 284 subjects with dementia (10.66%) and 603 subjects without dementia (4.53%) experienced hip fractures (Table 2) . Cox regression analysis showed that the risk of hip fracture in the dementia group was 2.840-fold higher (adjusted HR, 95% CI=2.449-3.293) than that in the control group. The risk of hip fracture in females was 1.715-fold high- 
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er (adjusted HR, 95% CI=1.443-2.037) than that in males. The risk of hip fracture increased as age and CCI increased and BMI decreased, but did not differ between the two residence areas ( Table 2 ). The Kaplan-Meier survival curves for the risk of hip fracture differed significantly between the two groups, and the risk of hip fracture was significantly higher in the dementia group than the control group (log-rank p< 0.0001) (Fig. 2) .
The adjusted HRs for hip fracture in patients with dementia <2, 2-10, and >10 years after the diagnosis were 2.862 (95% CI=2.053-3.990), 2.795 (95% CI=2.358-3.314), and 2.538 (95% CI=1.276-5.047), respectively. The adjusted HRs showed a decreasing trend with increasing duration after the first diagnosis of dementia, and it was significant at all periods after adjusting for sex, age, BMI, CCI, and residence area (Table 3).
DISCUSSION
This study found a significant association between dementia and increased hip fracture after adjusting for confounding factors using the NHIS-SC database, which contains information on approximately half a million elderly people. The risk of hip fracture was highest within 2 years after the diagnosis of dementia, and remained significantly higher compared to the control group. In general, female sex, older age, more comorbidities, and lower BMI were also found to be risk 
JCN
factors for hip fracture in the elderly subjects. We found that BMI, residence area, and CCI differed significantly between subjects with and without dementia at baseline ( Table 2) . A lower BMI is known to be associated with low bone mineral density 19 and is more common in subjects with dementia than in controls. 23 A significantly lower nutritional screening score was found in nonmalnourished subjects with very mild dementia, indicating that subtle differences in nutritional status are present even at the early stage of dementia. 24 This nutritional imbalance could result in a risk of malnutrition in patients with lower BMI and longer dementia duration. 25 Considering that the CCI comprises risk factors for dementia such as cardiovascular risk factors, it is consistent that the subjects with dementia had more comorbidities with a higher CCI-and hence requiring adjustment-than did the control subjects. 26, 27 Since the residence area was divided into metropolitan and nonmetropolitan areas, it did not reflect differences in the activity of subjects according to the detailed population distribution. However, since the characteristics of elderly people in metropolitan and nonmetropolitan areas might differ, it is meaningful that there were regional differences at baseline in the distribution of the patients with dementia.
Dementia was identified as an independent risk factor for hip fracture based on a long-term follow-up (Table 3) . This is in line with the findings of previous studies suggesting that subjects with dementia have an increased risk of hip fracture. 1, 8, 11, 14, 28, 29 Patients with dementia are more likely to have osteoporosis due to lower bone marrow density and vitamin D deficiency, 30, 31 which would partly explain the higher risk of hip fracture found in the present study. Additionally, the association between hip fracture and dementia might be due to an increased rate of falls. Elderly patients with dementia have balance and gait deficits as well as autonomic dysfunction, which reportedly increases the risk of falls approximately twofold. 29, 32 The risk of hip fracture was higher in the subjects with dementia than the control subjects on longitudinal observation (Fig. 2) , with the adjusted HR peaking within 2 years after the diagnosis of dementia (Table 3 ). An index of disease severity such as the Clinical Dementia Rating was not included, and so this finding should be interpreted with caution. However, it is particularly interesting because the severity of dementia usually aggravates after a diagnosis, and a longer dementia duration supposedly increases the risk of hip fracture, being higher in subjects with moderate dementia than in those with mild impairment. 33 In contrast to this expectation, our results indicate that a shorter dementia duration appears to be associated with a greater or similar risk of hip fracture. The gradual decrease in outside activity of patients with advanced dementia might be paradoxically related to this finding. [34] [35] [36] Because of their loss of independence as well as depressive symptoms, 37 patients with advanced dementia exhibit decreased outdoor activity, which might reduce their risk of fall-related hip fractures compared to the early stage of dementia. Moreover, there is increasing evidence that balance and gait deficits are present even at the early stage of dementia, 32, 38 and that the longitudinal interactions between physical and cognitive performance are likely to operate bidirectionally. 39 The concomitant decline of cognition and physical function in patients with dementia that might result in fall-related hip fractures necessitates the early identification of mobility deficits.
There are several limitations of this study to consider. First, dementia and hip fracture were diagnosed based on ICD-10 codes, and thus selection bias may exist despite the adoption of the operational definition. We did not differentiate the subtypes of dementia because they are not clearly divided in claims data. Second, the NHIS-SC database does not include certain items of important information such as cognitive status as represented by the index score, APOE4 carrier status, or level of education, because the included data are based on claims and health screening data only. Therefore, the statistical analysis was performed without adjusting for these variables. Third, although osteoporosis is known to be a very important risk factor for fracture, 40 the present study did not include data regarding the diagnosis and treatment of osteoporosis, and so the association between dementia and osteo- One important strength of this study lies in its use of a long-term nationwide database system with a large population of patients with dementia compared to age-and sexmatched subjects without dementia, which will have minimized selection bias and maximized the statistical power. Most of the findings of our study match those of communitybased and meta-analytic studies of the association between dementia and hip fracture. 8, 29, 41 In conclusion, the subjects with dementia had a significantly increased risk of hip fracture after adjusting for confounding factors. This study also found that the risk of hip fracture was highest within 2 years after the diagnosis of dementia. It is therefore important to educate patients regarding the risk of hip fracture starting at the early stage of the disease, as well as to implement preventive measures. Future studies could focus on the development of practical preventive measures and patient education.
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